The paper presents a special measurement system for investigation of temperature influence on the indication of commercially available sensors of the magnetic field. Utilizing the developed system, several magnetoresistive and Hall-effect sensors were investigated within the temperature range from -30°C to 70°C. The obtained results indicate that sensitivity of most of the investigated sensors is unaffected, except the basic magnetoresistive device. However, Hall-effect sensors exhibit considerable temperature drift, regardless of the manufacturer.
Introduction
An additional error induced by the influence of temperature is an important problem in almost all kinds of measurements performed in modern science and industry. The temperature influence is very harmful, especially in precise laboratory measurements. Presently developed measurement devices are often equipped with systems compensating influence of the temperature on the measurement results [1] [2] [3] or are designed in a way allowing self-temperature compensation [4, 5] .
Also measurements of the magnetic field, widely utilized in many industrial processes, are influenced by the temperature. In this paper, the investigation of an additional, temperature induced error of various commercially available magnetometers is presented. Investigated magnetometers were based on both the magnetoresistive effect [6] and the Hall-effect [7] . Obtained results indicate that for some temperature range, investigated commercial magne-tometers are more or less resistant to the influence of the temperature. But for the significantly low or high temperatures, an additional error of the measurement is clearly observable. There is also a significant difference of an error occurrence mechanism between the various types of sensors.
Measurement stand
For this research, a special test stand was designed and built, consisting of precision Helmholtz coils used as a magnetic field standard, and 0.01°C precise PolyScience AD 07R-40-A12E Cryostat for temperature setting. The developed test stand schematic is presented in Fig. 1 , the photograph of the actual setup is presented in Fig. 2 . The Helmholtz coils were powered from a modified, precise laboratory power supply in a constant current mode. The current was measured with 0.01% precision on standard 1 Ω resistor with Tonghui TH1961 voltmeter. The Earth's magnetic field component was compensated to within ±0.1 μT range.
The test stand allowed measuring the magnetometer's response in the ±100 µT magnetic field range, in -30°C to 70°C temperature range, which is ±50°C from the nominal 20°C operating temperature.
Measurement results
In the paper, the temperature dependence characteristics of four different magnetometers are presented. There were two triaxial magnetoresistive magnetometers (Honeywell HMR 2300 and HMC 5883L), one triaxial Hall-effect sensor (Metrolab THM 1176-LF) and one, one-axis Hall-effect sensor (Lakeshore 455 Gaussmeter with HMFT-3E03-VR probe) investigated. Based on the measurement results, linear fitting was performed, and temperature dependence of offset and sensitivity was determined. It was found that for most magnetometers, except the basic magnetoresistive one, the sensitivity was unaffected by the temperature in the investigated 20°C±50°C range. On the other hand, the offset was negligible for the magnetoresistive sensors, but significant for the Hall-effect sensors, regardless of the manufacturer. In Fig. 3 , there are measurement results of the Honeywell HMC 5883L. In Fig. 4 and Fig. 5 , there are % change values of offset and sensitivity in relation to base 20° values. There is a strong, highly linear correlation between the sensitivity of the device and the operating temperature. HMC 5883L is a very simple magnetoresistive sensor, which has no compensation circuit to reduce the influence of temperature on the operation of the device. On the other hand, the temperature influence on the offset is negligible. There is a significant, nearly linear correlation between the offset of the device and the operating temperature. On the other hand, the influence of the temperature on the sensitivity is negligible.
Very similar results were obtained for the Lakeshore 455 Gaussmeter with HMFT-3E03-VR probe. Again, the influence of the temperature on the offset was significant, while the influence of the temperature on sensitivity was negligible. For the HMR 2300 triaxial magnetoresistive magnetometer, there was no observable influence of the temperature on offset and sensitivity in the -30°C to 70°C range. Any temperature related error was lower than the uncertainty of the measurement stand and noise induced by the surrounding laboratory environment.
The results of experimentally measured temperature coefficients of offset and sensitivity for the investigated magnetometers are summarized in the Table 1 .
Conclusions
Results of the performed investigation indicate that most of the commercially available magnetometers are not sensitive against temperature variations. However, in simple devices for less demanding applications, such as the popular HMC 5883L, strong dependence between functional parameters and temperature is observable. On the other hand, thanks to the highly linear temperature dependence of sensitivity, it can be easily compensated, as is the case in the HMR 2300.
Another interesting phenomena is the different mechanisms of temperature error appearance for magnetoresistive and Hall-effect sensors. For the magnetoresistive ones, the sensitivity is influenced and offset seemingly unaffected, while for the Hall-effect sensors the sensitivity is constant (or rather, precisely compensated), while the influence on offset is significant. It is evident even on comparison of measurement results in Fig. 3 and Fig. 6 .
Thus, the developed test stand allows not only for measurement of temperature related error of the given magnetometer, but also for differentiation of the mechanism of error occurrence, and proper compensation method development.
